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ABSTRACT 

We present optical spectrophotometric monitoring of four active T Tauri stars (DG Tau, RY 
Tau, XZ Tau, RW Aur A) at high spectral resolution (i? > 1 x 10^), to investigate the correlation 
between time variable mass ejection seen in the jet/wind structure of the driving source and 
time variable mass accretion probed by optical emission lines. This may allow us to constrain 
the understanding of the jet/wind launching mechanism, the location of the launching region, 
and the physical link with magnetospheric mass accretion. In 2010, observations were made at 
six different epochs to investigate how daily and monthly variability might affect such a study. 
We perform comparisons between the line profiles we observed and those in the literature over 
a period of decades and confirm the presence of time variability separate from the daily and 
monthly variability during our observations. This is so far consistent with the idea that these 
line profiles have a long term variability (3-20 years) related to episodic mass ejection suggested 
by the structures in the extended flow components. We also investigate the correlations between 
equivalent widths and between luminosities for different lines. We find that these correlations 
are consistent with the present paradigm of steady magnetospheric mass accretion and emission 
line regions that are close to the star. 

Subject headings: stars; pre-main-sequence — stars: activity — stars: emission-line. Be — stars: winds, 
outflows — stars: individual (DG Tau, RY Tau, XZ Tau, RW Aur A) — line: profiles — accretion, 
accretion disks 



1. Introduction 

Classical T Tauri stars (CTTSs) are low-mass 
pre-main sequence stars at the evolutionary stage 
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when the surrounding accretion disks become op - 
tically visible, and firstly discovered bv lJov ( 1945 ). 
CTTSs are distinguished by their rich permit- 
ted line emission which is produced mainly in 
the magnetic funnel flow originated from t he in- 
ner disk edge (e.g., iMuzerolle et al. 2001 ). and 
an additional optical/UV excess emission con- 
tinuum (veiling) produced in "hot spots" where 
the accreted material impa cts the stellar surface 
( Calvet and GuUbring 1998[ ). The permitted lines 
often show inverse P Cygni profiles which may in- 
dicate fun nel flows by the m agnetospheric mass 
accretion (jNaiita et al. I I2OOOI for review). 

Moreove r, many of the CTTSs h ost collimated 



jets (e.g., iHartigan et al.l Il995t lEisloffel et al 



20001 ). Understanding their driving mechanism 



and their physical link with protostellar evolution 
are the most important issues in star formation 
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theories. There is growing evidenc e that these 



jets are powered by disk accretion (iCabrit et al 
19901 : iHartigan et"allll995t ICalvetl figgTt ) . High- 



resolution observations have revealed internal flow 
motion consistent with rotation. This agrees 
with the idea that the jet removes excess an- 
gular momentum from the accre t ing materia l 
(|Bacciotti etHI l2002t ICoffev et all 12004 l2007t ). 
but more detaile d investigations are required for 



confirmation (see Cabrit et al. I l2006t ICoffev et al 



2OI2I for ongoing projects). 

There are several theories to explain the driv- 
ing mechanism of the jet and its physical link with 
mass accretion. The magne to-centri fugal wind 
models, in cluding X-wind (.Shu et al. and 
disk wind ( Konigl and Pudritz 2000f) models, are 
regarded as the most promising. The former pro- 
poses that the jet launches from the inner edge of 
the disk (within 0.1 AU of the star), while the lat- 
ter proposes that the jet launching region covers 
a wider disk surface at a few AU scales. Further- 
more, magnetic pressure and reconnection wind 



mode ls are also candidates (e.g., iGoodson et al 



19991 ). although the reconnection wind could be 
the non-steady state of breaking a magnetosphere 
which is similar to the X-wind. In this context, 
studies of jets are important for understanding not 
only star formation, but also circumstellar disks 
and the ongoing (or initial conditions of) planet 
formation. However, the limited angular resolu- 
tions of present telescopes are far from sufficient 
for resolving the jet launching or flow acceleration 
regions, which are predicted to be located within 
a few AU from the star. 

Alternatively, simultaneous monitoring of jet 
structures and signatures of magnetospheric accre- 
tion would allow us to test theories of jet driving 
and mass accretion. Over the last decade, obser- 
vations at high-angular resolutions have allowed 
us to reveal fine structures of jets and winds close 
to the star at > 10 AU, measure their proper mo- 
tions and investigate their episodic ma ss ejection 



with a time scale of 3-20 years (e.g.. iPvq et al 
2OO3I: iLop ez-Mar tin et al] 120031 : iKrist et al.ll2008t 
Agra-Amboage et al.l 201 ll ). Permitted emis- 
sion lines, i.e., probable signature of mass ac- 
cretion, are also known to show time variabil 



a reconnected wind, the emergence of new knots in 
the extended jets should be well correlated with 
the time variability of magnetospheric accretion 
because both the jet launching and material ac- 
cretion occur on the inner edge of the disk. If the 
jet is driven by a disk-wind, such a correlation 
may be weak since the disk wind and the magne- 
tospheric accretion are not directly related to each 
other. As such, we should be able to test theories 
of jets, wind and mass accretion. 

We have thus started a monitoring project for 
four well studied active T Tauri stars: DG Tau, 
RY Tau, XZ Tau and RW Aur A (see Appendix 
for details of individual targets). These exhibit a 
variety of optical emission/absorption lines (see 
Section 3.2 for previous studies), and the ex- 
tended jet or wind at a ~ 0".l resolution (see 
Appendix for a review). In this paper we present 
optical high-resolution spectroscopy for the first 
year observations of 2010. It is known that ac- 
tive CTTSs show short-term (daily, monthly and 
yearly) variabilities in line fluxes, line profiles 
and veil ing continuum ( Bouvier et al.l[r993lll995t 
[Mendigutia et al. 2011 ). The daily variability for 
many CTTSs is due to a combinatio n of stellar ro- 
tation ( typically P = 2 to 2 days, iBouvier et al 



1993; Choi and Herbstlll996l) and the non-uniform 
distribution of magnetospheric channel flow and 
the resultant hot spots on the stellar surface 



(jBouvier et a l. 1993, 1995). Although cool spots 
similar to sunspots may also contribute to the vari- 
ability, the effects are more prominent in we ak- line 
T Ta uri stars than in CTTSs (e.g., Herb st et al 



19941 ) ■ In addition, the patterns of cool spots 



itv (e.g.. Fetrov|ll990l: [Petrov et al.1 Il999l l2001at 



usually last for several periods or longer so their 
contribution to the daily variability may be un- 
apparent. In contrast, active CTTSs may show 
such a short-term variability due to time- variable 
mass accretion as well as a long-term variability. 
An understanding of this variability for the target 
stars is necessary if we want to be able to detect 
variability related to episodic mass ejection over 
the other variabilities. 

In Section 2 we describe the observations and 
data reduction. In Section 3 we show the line pro- 
flies, and investigate their time variabilities dur- 
ing our observations in comparison of those in the 
literature over decades. In Section 4 we show 



Johns and Basri 1995at Alencar et al.l 2005 : Mendigutia et ffll equivalent widths and luminosities, the cor- 
2OIII ). If the jet is driven by an X-wind as well as relations, and comparisons with the continuum 
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flux. Discussion and summary are described in 
Sections 5 and 6, respectively. Throughout the 
pape r we assume a distance of 140 pc of our tar- 
gets (jWichmann et al.lll998[) . 



2. Observations and Data Reduction 

We obtained high resolution spectra using the 
3.6-m Canada-France-Hawaii Telescope (CFHT) 
with ESPaDOnS, CFHT's Echelle spectropolari- 
metric device for the observation of stars, on 
six nights: October 21, November 17, 21, 25, 
27 and December 17 in 2010. The observations 
were made using the "object+sky spectroscopy 
mode", for which the spectra of the object and 
sky are simultaneously obtained through different 
fibers. The spectra cover the wavelength range 
- 3, 700 - 10, 500 A with a resolution of 68, 000. 
This large spectral coverage of ESPaDOnS in- 
cludes a number of emission lines. In this paper 
we present our study on the foll o wing permitted 
lines studied by iM uzerolle et al.l (ll998l) for 11 T 
Tauri stars: Ha 6563 A, Pa 11 8863 A, Ca II 
8498/8542/8662 A triplet. He I 5876/6678/7065 
A, O I 7772/8446 A, and Na D 5890/5896 A. We 
also show three forbidden lines which are formed 
in the jet regions for comparison: [O I] 6300 A, 
[S II] 6731 A and [Fe II] 7155 A. 

All four targets and two standard stars were ob- 
served each night consecutively and within a ^ 30 
minutes interval. These were made with photo- 
metric conditions with the exception of December 
17. The line and continuum luminosities are de- 
rived from the data, except for the December 17 
observations, which were not obtained under sta- 
ble sky transparency. The average signal-to-noise 
ratios at 8090 A are ~ 44, - 61, 67, and - 37 
for DC Tau, RY Tau, XZ Tau and RW Aur, re- 
spectively. Data were processed using the stan- 
dard data reduction pipeline Upena provided by 
the CF HT, which is based on the Libre-ESpRIT 
package (jDonati et al. Ill997l) , and the sky subtrac- 
tion has been performed in our spectra. Further- 
more, we have remove telluric absorption for the 
[O I] 6300 A line in the spectra. The systemic ve- 
locity for each target star on each observation date 
was calibrated using photospheric absorption lines 
Li I 6708 A and Ca I 6439 A for DC Tau, RY Tau, 
and XZ Tau. The stellar photospheric absorption 
of RW Aur A was too shallow for accurate mea- 



surements of the velocity so we inste ad used the 
velocity bv lFolha and Emerson (2001), who tabu- 
late the systemic velocity for a number of T Tauri 
stars including our four targets. 

The large aperture of ESPaDOnS (1" .6 in diam- 
eter) compared with the seeing (0".4-l".0 during 
our observations) allows spectrophotometry. Two 
standard stars, HD 283642 and HD 42784, were 
also observed for each date for flux calibration. 
For accurate calibration at each line luminosity 
we have also made VRI photometry of these two 
standard stars using the Tenagra 80-cm telescope 
in Arizona, USA, on November 17 and Decem- 
ber 08, 2011. The measured magnitudes are listed 
in Table [TJ The line fluxes of targets were cali- 
brated by interpolating the photometric data to 
the target wavelength and comparing the derived 
fluxes with the photon counts in the ESPaDOnS 
spectra of the standard stars. The derived fluxes 
with two standard stars have discrepancies in the 
flux conversion factor up to ^20, ^30, ^ 40% at 
VRI wavelengths (5500, 7100, and 9700 A, respec- 
tively). We thus take the average of the two con- 
version factors obtained from two different stan- 
dard stars, resulting the uncertainty of the abso- 
lute flux calibration to be up to ^10, ~15 and 
~ 20% at 5500, 7100, and 9700 A, respectively. 

RW Aur A has a companion with a separatio n 
of r.4 (e.e.. \Ghez et al.lll993l : lLeinert et al.lll993[ ). 
Our spectra obtained on October 21 and Decem- 
ber 17 are suspected to have a contribution from 
the companion due to the relatively poor seeing on 
these dates (~1".0). Therefore, these spectra are 
not used in this paper. XZ Tau is also associated 
with a companion, and due to its small separation 
(0" .3) the spectra of both binary components were 
included in the ESPaDOnS aperture. However, 
the XZ Tau S component has often been brighter 
to much brighter than the 0".3 separation com- 
panion at optical wavelengths and the emission 
line profiles are assumed to be applicable mostly 
to XZ Tau S. See Appendix for the details of con- 
firmed/possible companions for individual objects. 

3. Line Profiles 

Figures 1-4 show the observed line profiles at 
the six epochs. The spectra have been adjusted to 
the continuum level and smoothed using a moving 
average over 15 data points of the reduced spectra 
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for better signal-to-noise; the resolution is ~ 30 
km s~^ after smoothing. We describe the time 
variation of the permitted lines during our obser- 
vations in Section 3.1, and differences from those 
in previous publications in Section 3.2. 

3.1. Variation of Permitted Line Profiles 
in 2010 

3.1.1. DG Tau, RW Aur A 

The observed line shapes do not vary much with 
the exception of the line-to-continuum ratio. In 
DG Tau, there is a weak redshifted absorption in 
the Ca II triplet (at u ~ 50 km s~^) on November 
21 which is not apparent in other nights. 

In RW Aur A, the O I 8446 A line profile is 
flatter at the peak on November 17 and 21 than 
the other two dates, and appears to be associated 
with shallow absorption at zero velocity. In the 
Na D profiles, the velocity range of the absorp- 
tion is ~-150 to ~0 km s~^ in November 25 and 
27, while the profiles of November 17 and 21 are 
also associated with shallow absorption extending 
toward the positive velocity up to ~150 km s~^. 

3.1.2. RY Tau 

In Ha, the redshifted emission components 
show a larger variation in the line-to-continuum 
ratio (by a factor of 2) than the blueshifted emis- 
sion (~ 30%). The profile of November 27 shows 
absorption at u ~ 100 km s~^. 

The Ca II emission shows slight redshifted ab- 
sorption on October 21 and November 25, with 
slightly blueshifted absorption on November 17 (at 
V ^ —50 km s~^), and absorption near the zero 
velocity on November 21 and 27. 

For O I 7772 A, the line shapes on October 
21, November 17 and 21 show two absorption fea- 
tures (near the zero velocity and at u ~ 100 km 
s~^) with small emission features on both sides. In 
contrast, the line shapes on November 25 and 27 
show strong absorption 200 km s~^ in FWHM) 
and shallow emission features on the blueshifted 
side only. 

3.1.3. XZ Tau 

The Ha profile on October 21 shows a blueshifted 
absorption at ~ —100 km s^^. On October 21 
and November 17 the Ha and Ca II lines show 



marginal redshifted absorption at ^ 50 km s ^, 
and the He I lines show stronger central emission. 
The Pa 11 and He I 7065 A emission features were 
absent on December 17. On the same date the 
blueshifted absorption in the Pa 11 line shows a 
larger wing-like absorption feature toward the zero 
velocity. 

3.2. Differences from Previous Observa- 
tions 

The previous observations of our target lines are 
summarized in Table [2j While some line profiles 
are similar to ours, we find a number of differences 
which are described below for DG Tau, RY Tau, 
and RW Aur A. We limit our comparison to the 
shape of the permitted lines only. 

3.2.1. DG Tau 

Our Ha line profiles show a peak at ^ —50 
km s~^, a dip (or an emission minimum) at 
—30 km s~^ and marginal absorption at ~70 km 
s~^. These are not seen i n the profile observed 
in 1981 by iMundtl (Il984l). at thre e epochs in 
19 88-1992 bv iBeristain et al.l (|200l[ ). or in 1996 
bv iMuzeroUe et aL ( 1998 ). A blueshifted absorp- 
tion line at V —50 km s~^ is obse rved only in our 
spectr a, and two epochs shown in ^ Beristain et aT 
()200lh . 



The O I 7772 A line observed in 1996 (jMuzerolle et al, 

-150, 0, 150 and 350 



19981 ) shows four peaks at 
km s~^. In contrast, our spectra show a sin- 
gle peak without any absorption on most of the 
nights observed, except for November 21, where it 
shows weak absorption near the z ero velocity. The 



O I 8446 A fine observed in 1996 ( Muzerolle et al 



19981 ) showed a double-peak feature which may 
has been caused by shallow absorption at zero 
velocity. This absorption is seen only marginally 
(if not absent) in the pro file observed in 1987 
( Hamann and Persson 19921 ) and in Figure [TJ 

Th e Na D profiles observed in 1981 (jMundll 



19841 ) are associated with broader and shallower 
blueshifted absorption at v = —200 to —100 km 



Th e Ha and He I 5876 A profiles in iMundt 
( 1984 ) ; Beristain et al. ( 200 ll ) shows another emis- 
sion component at v —250 km s~^, correspond- 
ing to the extended jet (see Appendix for refer- 
ences). This may not be due to the intrinsic vari- 
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ability of the emission line regions, since the ob- 
served brightness should also depends on the slit 
width and position (or the size and position of the 
aperture), and also on the seeing. 

3.2.2. RY Tau 

The Ha profiles in Figure [5] and those in 
most of the literature show two distinct emis- 
sion components at blueshifted and redshifted 
velocities, with deep absorption at zero ve- 
locity. The brightness of these two compo- 
nents are comparable in Figure [2] and most of 
the profiles in the literature. However, the 
blueshifted emission is significantly fainter than 
the re dshifted emission in several epochs in 1980- 
1998 ( Mundt and Giampapa 1982t Zaitseva et al 



tion broader . The Na D profiles obs erved in Jan 



19851: |Petrovlll990l : iMendigutia et al.ll201ll) . The 
blueshifted emission is marginal, if not absent, in 



one o f the profiles observed in 1984 (jZaitseva et al 



19851 ) ; this profile instead shows shall ow blueshifted 
absorp tion at —1000 to — 500 km s~^. IZajtseva et al 



( 1985 ) and Petrov ( 1990f ) show that such a varia- 
tion occurred within 1-2 months. 

Most of the Ha profiles show a deep absorp- 
tion feature at the zero velocity in which the 
line-to-continuum ratio ~ 0. However, the emis- 
sion level at this level is close to the peak of ei- 
ther the blueshifted or redshifted emission in 1984 
(jEdwards et al.l 119871) . Furthermore, of all the 
profiles, the shallow absorption at the peak of the 
redshifted em ission is observed on ly in our spec- 
tra, in 1984 (lEdwards et all 119871) . and possibly 
two epochs in 1988 (|Petrovlll990[ ). 



uary 1999 (jMendigutia et al.l 120111 ) show a re- 



markable emission component on the blueshifted 
side. 

3.2.3. RWAurA 

The peak of Ha profiles in the redshifted emis- 
sion is brighter than that of the blueshifted emis- 
sion in most of the profiles, but nearly the same 



for a single epoch in 1988-1992 (jBeristain et al 



20011 ) and on November 25, 2010 (Fig. H]). The 



redshifted emission is slight ly fainter th an the 
blueshifted emission in 1981 (|Mundtlll983) . Most 
of the line profiles, including those in Figure HI 
show a velocity ~ — 50 km at the bottom of the 
central absorption. In contrast, i t is ~ —100 k m 



s in some profiles in 1989 - 1999 (iMuzerolle et al 



19981 : IPetrov et all l2001al : lAlencar et al.l l2005l). 



Some of the Pa 11 profiles in 1998 (jPetrov et al 



2001al ) show a blueward asymmetry. This con- 



trasts to the other profiles in the literature and 
Fig. m which show a symmetric profile about the 
stellar velocity. 

The Ca II profiles in Figure HI in particular 
those from November 21 a nd 25, are similar to 



most of those in 1986-1999 ( Hamann and Persson 
19921 : IPetrov et aP l2001al : lAlencar et al.l l2005[ ). 



The Ca II profiles observed in 1987 ([Hamann and 



19921 ) are similar to our observed features from 
November 17, in which the redshifted emis- 
sion shows a brighter peak than the blueshifted 
one. In contrast, those observed in 1989-1996 
( Petrov et al ] |l999l ) are significantly different from 
any of the other profiles. The former consist of two 
emission peaks at t; —150 and 150 km s^^ and 
absorption at the zero velocity with the bottom of 
the absorption 20-30% below the continuum level 
during their observations. 

Some Na D profiles observed in 1987-1996 
( Petrov Il990l: IPetrov et all Il999[ ) appear to be 
associated with marginal additional blueshifted 
and/or redshifted absorption at the threshold of 
the absorption feature, making the entire absorp- 



Our profiles from November 17 and 27 a re similar 
to that of 1996 (jMuzerolle et al.lll998l ). but the 
peak of the redshifted emission shows an asym- 
metry in the latter, perhaps due to the presence 
of shallow absorption. Two pro files observed in 
1986-1987 (|Alencar et al.l |2005[ ) are remarkably 
Pg]-ggoj|^ fferent from the others. Both are nearly sym- 
metric about the stellar velocity, and one of them 
is triangular while the other is flat-topped. 



Beristain et al.l (|200l[ ) show that the He lines 



in CTTSs often have a broad component (BC, 
FWHM= 130 — 300 km s~^) and a narrow com- 
ponent (NC, FWHM= 30 - 60 km s-i) which are 
approximately symmetric about the zero velocity. 
All of the He I 5876 A lines in the literature in 
Table [2] clearly show both the BC and NC. In con- 
trast, our profiles do not clearly show the presence 
of a NC. 

Some of the O I 7772 A pr ofiles observed in 
1995-1999 (|Petrov et al.l l2001al ) are significantly 
different from the others. These are dominated by 
an emission feature whose peak is blueshifted at 



5 



~ —150 km s ^. Some of them show a redshifted 
absorption without blucshiftcd emission. The O I 
8446 A hne in 1996 (MuzeroUe et al. 1998) shows 
a redshifted absorption at 200 — 350 km s^^. 
Some Na D pro f iles observed in 19 89-1999 



(|Petrov et al.lbOOlal: lAlencar et al.ll2005[ ) 



sociated with remarkable emission over the con- 
tinuum level at the b oth sides of t he absorp- 
tion. Those in 1980 (|Mundtl Il984l ) and 1996 
(jMuzeroUe et al.l Il998l ) show an inverse P-Cygni 
profile. 

4. Equivalent Widths and Luminosities 

We measure the equivalent widths and lumi- 
nosities of fourteen lines for each target. These 
are tabulated in Tables |3] and HI respectively. The 
latter also includes the continuum luminosities 
at 5000 and 8000 A, and has been extinction- 
corrected. The following discussion is only for 
permitted lines since they are formed in the near- 
stellar region which is the focus of this study. For 
each target, changes in equivalent widths are re- 
markably different between lines. In DG Tau, the 
change is 45-50% for most of the emission lines 
but only 12 and 21% in He I 5876 and 6678 A, re- 
spectively; in RY Tau, it is a factor of ^4 for O I 
8446 A but ~1.5 in Ha; in XZ Tau, it is a factor 
of ~4 for the Ca II triplet but only 7% for Ha; in 
RW Aur A, the change is ~ 40% in Ca II triplets 
but ^ 20% for Ha. Among the emission features 
observed, O I 8446 A and the Ca II triplet tend to 
show a large variation in equivalent width. In con- 
trast. He I and Ha are the most stable lines. The 
equivalent widths for RY Tau are usually smaller 
than other stars except for the O I 7772 A line, in 
which RW Aur A has stronger absorption feature 
than RY Tau. 

Table [2] shows the equivalent widths of Ha ob- 
servations from the literature. In DG Tau, the 
equivalent widths during our observations (74-107 
A) are significantly large r than those measured 



A) are sigmticantly large r tnan tnose measured 
by iMuzerolle et"al1 (Il998l) in 198 8-1992 ( 46 A) 
and smaller than those measured by Mundtl ( 1984 ) 
(110 A) in 1981. For RY Tau and RW Aur A, i.e, 
targets for which optical spectroscopy has been ex- 
tensively made, the equivalent widths we observed 
(10-15 and 65-80 A, respectively) are within the 
ranges in the literature (6-25 and 50-123 A, re- 
spectively). It is intriguing that the equivalent 



widths measured by [Fernandez et aL (1995) var- 
ied by a factor of 2 in the four days of their obser- 
vations (September 15-19, 1989), while those in 
our data show only ~ 20% variability. 

The luminosity varies in Ha and in those lines 
without absorption by a factor of 2 for each star. 
A larger variation is observed for XZ Tau on Dec 
17, on which the line luminosities are lower than 
the other dates by a factor of up to 4-13 for the 
He I 5876A and O I 8446 A line and the Ca II 
triplet. Similar but more marginal decrease is also 
seen in line-to-continuum ratios in Figure [3] and 
equivalent widths in Table [3l 

Figure [S] shows the correlation of equivalent 
widths and extinction-corrected line luminosities 
between Ca II 8542 A and the other 10 hues. We 
select Ca II 8542 A for reference since this line is 
known to sh ow a good corre l ation w ith accretion 



lumin osity (jMuzerolle et al.l Il998t Calvet et al 
I2OOOI ). Among the 10 lines, the other two Ca II 
lines show an excellent correlation with Ca II 8542 
A. Three He I lines, O I 8446 A, and Pa 11 also 
have a fairly strong correlations with Ca II 8542 
A. There is little to no correlation for Na D, O I 
7772 A, and Ha lines, which have apparent ab- 
sorption features in most of the target stars. The 
upper panel of Figure [5] also shows the equiva- 
lent widths mea s ureme nts for 11 T Tauri stars by 
Muzerolle et al. (Il996 ) . The measurements be- 



MuzeroUe et al 



(|1998I ) and our observation 



tween 

show similar correlations between Ca II 8542 A 
and the other lines, except for a single object (BP 
Tau) in the He I lines. 

Figure [6] shows the extinction-corrected lumi- 
nosity of the continuum level compared with the 
Ca II 8542 A line for the four target stars. In DG 
Tau, XZ Tau and RW Aur A the continuum lumi- 
nosity increases with the Ca II 8542 A luminosity. 
These are fit well with a single regression line at 
5000 and 8000 A, respectively. The 5000 A contin- 
uum shows a larger increase (by a factor of ~ 1.3 
dex over ~ 1.3 dex for the Ca II 8542 A luminos- 
ity) than 8000 A (~ 1.0 dex). In contrast to these 
three objects the continuum luminosity remained 
constant in RY Tau both at 5000 and 8000 A de- 
spite the presence of variation in the Ca II 8542 A 
luminosity. 
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5. Discussion 

5.1. Consistency with The Present Paradigm 
for Magnetospheric Mass Accretion 

It is believed that, in many cases, permitted 
line emission associated with CTTSs primarily 
origi nates from magneto spheric accretion columns 
(e.g., Naiita et al. 2000l for a review). Although 
their complicated geometry has be en extensively 



discus sed over the past decade fsee lBouvier et al 
2007bl for a review), models with a simplified ge- 
ometry (i.e., with stellar dipole magnetic field ax- 
isymmetric about the stellar rotation axis) have 
been successful in explain ing many line p rofiles 
and their luminosities fe.g.. lMuzerolle et al.ll2001.) . 
The accretion flow originates from the inner disk 
edge, and hits the stellar surface at a few hundred 
km s^^. This heats up the stellar surface and cre- 
ates "hot spots" observed as an excess in the UV 
continuum. The distribution of such hot spots is 
not usually uniform, and as a result, this causes 
periodic time variability corresponding with the 
stellar rotation. This has been extensively ob- 
served over decades to measur e the rotational pe- 
riod of many T Tauri stars (see Herbst et al.ll2007 , 
for a review). This scenario also explains the 
good correlation between the accretion luminos- 
ity measured using the UV excess and luminosi- 
ties of permitted line such as the Ca II triplet 



(|Muzerolle et all Il998t ICalvet et al.1 12000| ). The 



collision of the accretion flow on the stellar surface 
also causes accretion shock toward the accretion 
flow. This explains the presence of NC in addition 
to BC in some emission line profiles such as He I 
(Section 3.1). 

In contrast, the contribution from the in- 



active CTTSs (e.E 



. Takami et al. 


2001, 


Kurosawa et al. 


2006) 



2003; 



Alencar et all 120051 : Kurosawa et al.ll2006l ). The 
Na D lines in many objects and Balmer lines in 
some objects show blueshifted absorption. This 
indicates the presence of such a wind with veloc- 

comparable 
In addition 



ity up to a few hundred km s , i.e. 
to that of the emi ssion line region s. 



to the above lines, iBeristain et al.l (|2001l ) propose 
that the BC in He I lines originates from an in- 
ner wind in some objects. In either case, it is 
likely that the permitted emission line regions are 
located within ~0.1 AU of the star. 

The above paradigm for magnetospheric mass 



accretion and emission line regions has been es- 
tablished via observations of a number of CTTSs, 
but without significant consideration of their time 
variation in most (if not all) cases. However, 
it is well known that emission lines and UV ex- 
cess are time-variable even on a scale of several 
days (see Sections 3, 4, and Appendix, and ref- 
erences therein). Even so, the measurements of 
line-vs.-line and line-vs. -continuum in Section 4 
agree well with the present paradigm. The upper 
panel of Figure [5] shows that the correlation we 
observed with different epochs for four CTTSs is 
similar to that based o n single-epoch observat ions 
of 11 T Tauri stars bv lMuzerolle et al.l (|l998[) . In 
Figure [SJ a good correlation between the Ca II, 
He I, and O I 8446 A and Pa 11 lines is ex- 
plained if these are mainly associated with mag- 
netospheric accretion columns. The worse corre- 
lations with Ha, O I 7772 A and Na D may be 
due to either different excitations and/or optical 
thicknesses, or contributions from the inner wind. 
The former explanation may apply in particular 
for O I 7772 A, in which remarkable redshifted 
absorption is observed for RY Tau and RW Aur 
A. The latter explanation may apply in particu- 
lar for (1) Ha, in which the c ontribution from the 
inner wind is suggested (e.g., Takami et al.l 2001 



20031 : lAlencar et aDl2005t iKurosawa et al.H2006[ ) 



and (2) Na D lines, in which blueshifted absorp- 
tion is observed for XZ Tau and RW Aur A (Figs 
131 and m respectively). 

In Figure |6l the continuum luminosity at 5000 
A shows good correlation with the Ca II 8542 A 
luminosity. Relatively large variations in DG Tau, 
XZ Tau and RW Aur A are explained if the UV 
excess (or "veiling continuum") significantly con- 
tributes to the total continuum luminosity; the 
constancy of the continuum in RY Tau is explained 
if the contribution of veiling continuum to the to- 
tal flux is negligible compared with the stellar flux. 
This may have caused difficulties in measuring the 
rotational period of the star using the technique 
of photometric monitoring (see Appendix for de- 
tails) . 

Stellar and veiling continuum arc often sepa- 
rated when comparing the stellar absorption fea- 
tures with template spectra, of main sequence star s 
(e.g., iHartigan et"all(l995l: iMuzerolle et al.lll998[) . 
In this paper we do not show the calculation of 
veiling analysis since we find it difficult in partic- 
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ular for RW Aur A, whose stellar absorption was 
fairly shallow during our observations. Further- 
more, the stellar absorption is fairly shallow com- 
pared with the noise level at the continuum for 
DG Tau. This results in large uncertainties when 
we measure the veiling. The veiling for RY Tau 
is very small and we can only get the upper limit 
(< 0.02 at ~ 6000 A) of the veiling value. The only 
successful measurement is for XZ Tau, and we find 
that the veiling for XZ Tau is between '-^ 0.5 to 1.4 
at 6000 A during the six observation dates. 

5.2. Long-Term Variations in Line Pro- 
files, Equivalent Widths and Lumi- 
nosities 

Observations of the extended jet/outflows as- 
sociated with DG Tau, XZ Tau and RW Aur A 
suggest that the mass ejections from these CTTSs 
are episodic. DG Tau and RW Aur A show a 
coUimated jet, and the spatial intervals of the 
knots and their proper motions suggest the inter- 
vals of such mass ejection of 2.5-5 years for DG 



Tau (iPvo et al. 2003: lAgra-Amboage et all 12011 



Rodriguez et al..2012i). and 3- 20 years for RW Aur 
A (jLopez-Martfn et al.ll2003l) . In the case of XZ 
Tau, the observations of the bubble-like fiows and 
simulations suggest th e intervals of epis odic mass 
ejection of 5-10 years ( Krist et"al]l2008l ). See Ap- 
pendix for details of these jets/outflows. 

Theories suggest that energetic mass ejection is 
powered by mass accreti on (e.g., Shu et al. 2000t 
Konigl and Pudritdl2000[ ). and this has been sup- 
ported by observations, e.g., a good correlation be- 
tween the accretion luminosity vs. forbidden line 
luminosity associate d with the jet /w i nd or i nferred 
mass ejection rate ( Hartigan et al. 19951 ICalvetl 
19971 ). This is based on the assumption of steady 
mass ejection and accretion, but following this, it 
is natural to assume that the episodic mass ejec- 
tion suggested by the jet/ wind structures is caused 
by episodic mass accretion. Episodic mass accre- 
tion is observed in some y oung stellar o bjects as 
FUor or EXor bursts (e.g.. lHerbiglll989l ). but the 
link with mass ejection has not been observation- 
ally investigated in detail. The measurements of 
the time lag between episodic mass ejection and 
accretion would be useful for exploring their phys- 
ical link. 

Episodic mass accretion associated with FUors 
and EXors is often observed via photometry at 



optical wavelengths. However, such optical bursts 
may also be observed due to sudden change 
in obscuration or extinction by the dusty envi- 
ronments associated with the circumstellar disk 
(UXors). Indeed, such events were re ported 
for one of our targets, RY Tau tZ ajtscv a et al 



19851: iHerbst and Stinei 119841: iHerbst et"aLl Il994l: 



Petrov et al.l 1999 . see also Appendix). The mea- 
surements of the change in optical emission lines, 
either the shape of line profiles or equivalent 
widths, would be able to overcome this problem. 

However, the shape of line profiles and equiva- 
lent widths also show variability over a few days 
or months — i.e., variability not directly related 
to the above issue. As shown in Sections 3 and 4, 
daily variability in line profiles is also observed for 
Ha, Ca II, and O I lines in RY Tau, and the red- 
shifted side of the Na D lines in RW Tau A; all the 
objects we observed show the daily variability in 
the equivalent widths and luminosities of the emis- 
sion lines. Possible mechanisms for this variabil- 
ity are: (1) a combination of stellar rotation and 
non-axisymmetric accretion; and (2) the time vari- 
ation of mass accretion (and also mass ejection). 
The former should have a period of 2-20 days, and 
such a periodicity in line profiles and luminosities 
wa s observed in some C TTSs incl uding RW Aur 
A dPetrov et al.l l2001a|). AA Tau (ISouvier et al ' 



2007a|), Sz 68 ("johns-Krull and Hatzes"l99/) and 
SU Aur dGiampapa et al . 1993: Johns and Bas3 
1995b : Petrov et al.lll996l) . In contrast, photomet- 
ric monitoring of active CTTSs shows irregular 
variability in some stars even in a single rotation 
period, making it difficult to determine their ro- 
tational periods (see Appendix). Among our tar- 
gets, such variability is measured in RW Aur A. 
Furthermore, tidal interaction with a close binary 
companion could cause periodic time variability 
of the mass accretion rate, and thereby the emis- 
sion line profiles, equivalent widths and luminosi - 



ties (e.g., iBasri et al.l Il997l : IPetrov et aDl2001a[ ) 



In this context, the variability over 2-20 days may 
not be always caused by a combination of stellar 
rotation and non-axisymmetric accretion. 

As described in Section 3.2, we find clear differ- 
ences in some line profiles between the literature 
and our observations. This is consistent with the 
presence of l ong-term (^1 year) , or transient vari- 
ability (e.g., Oliveira et al.ll2000 ) is detectable over 
the daily and monthly variabilities. Such variation 
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may be related to the episodic mass ejection sug- 
gested by the high-resohition imaging. Continu- 
ous and simuhaneous observations of both optical 
emission lines and extended jet/wind structure are 
necessary to investigate this. 

6. Summary 

The time variation of the permitted emis- 
sion line profiles for four active CTTSs in six 
nights of observations in 2010 is presented in this 
study. The correlations of equivalent widths and 
of extinction-corrected luminosities between dif- 
ferent lines are also investigated. We show simi- 
lar correlations between our observation in differ- 
ent epochs and singl e-epoch observat ions of 11 T 



Tauri stars by iMuzerolle et all (|1998I ). The good 



correlations between certain lines suggest these 
lines are mainly associated with magnetospheric 
mass accretion. These measurements support the 
paradigm for steady magnetospheric mass accre- 
tion and the emission line regions which are prox- 
imity to the star. 

Moreover, comparing to samples in the liter- 
ature, we confirm the presence of time variabil- 
ity separate from the daily and monthly variabil- 
ities during our observations. We therefore ex- 
pect to detect a variability over a time scale of 
^1 years due to time- variable mass accretion in 
the planned observations. This might help explore 
the time correlation between mass ejection seen in 
the jet/wind structure and mass accretion probed 
by permitted emission lines, and further under- 
stand the driving mechanism of the jet/ wind and 
the physical link with mass accretion. A long-term 
monitoring of magnetospheric mass accretion and 
the extended jets is ongoing, and the analysis of 
data obtained in 2011 and 2012 are in progress. 

This research made use of the Simbad database 
operated at CDS, Strasbourg, France, and the 
NASA Astrophysics Data System Abstract Ser- 
vice. We appreciate helpful conversations with 
Chun-Fan Liu, and useful comments from the 
anonymous referee. MT is supported by the Na- 
tional Science Council of Taiwan (grant no. 100- 
2112-M-001-007-MY3). 
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A. Note for Individual Targets 
A.l. DG Tau 



The DG Tau jet is one of the best studied among those assoc iated with CTTSs. An extended jet struc- 
ture has been observe d at various w avelengths including optical ("Mundt and Fricd"l983': 'Mundt et al .lll987l: 
Solf a nd Bohm 1993: Keon er et al1[l993: La vallev ct al. 1997; Eisloff el. and Mun dt 1998; Lavalle v-Fouauet et al 



2000; 



2002 



Doueados et alfe oOO: Ba cciotti et al.ll2000l.l2002l:ICoffeY et alfcoOTl l2008h. near-infrared feakami et al 
Pvo et al.1 126031 Beck ct al."2008': 'Agra-Amboage et al."201lh"X-rav (|Gudel et al.l l2005ll2008h and cen^ 



Rodriguez et al 



timeter wavelengths (Bicging ct al. 1984; Rodriguez ct al. 2012i"). In t he above literatu r e, the j et structure was 
observed at a n angular r esolut i on of ^0".l b y lKepner et al. J 1993 ^ Dougados et al.l (I2OO0I): Bacciotti et a.1 



j2000', '2 0021): IPyoet all (|2003h : ICoffev et al.l (|2007l l2008h : iBeck et al.l (|2008h : lAgra-Amboage et al.l (|201lh : 



(l2012r). Models a nd the oretical work specif i cally for this jet have been made by, e.g . 



Raga et aD (l20qil):lAnderson et al.l ( 20031: Pesenti et al.l (|2004l ): ICerqueira and de Gouveia Dal Pinol (|2004h : 
Massaglia et al. Giinther et al.i (i2009r) . Their proper motions and inf e rred e p isodic mass ejecti o n wer e 

extensively studied in Pvo et alT i 20031) , followed bv lAgra-Amboage et al. ( 2011 ): Rodriguez et al. (2012). 



Agra-Amboage et al.l (j2011l) derived intervals between knots of ^2.5 years betwe e n 199 5 and 2005. This is 
smaller by a factor of 2 than that provided bv lPvo et al. (2003); Rodriguez et al. ( 2012 ) (~5 years). 



Neither lunar occultations nor near -infrared speckle irnaging show the evidence for a binary comp anion 



m a 



separation range of 0" .00 5-10" (iLeinert et al.l ll99ll Il993l : ISimon et al.l Il992l: iGhez et al.lll993l) , but 



near- infrared interferometry by Colavita et al.l (2003) does not exclude a possibility of the presence of a close 
companion with a separation of <CO".l. 

The rotational period of the star was measured thr ough long-term phq t ometr ic monitoring campaigns in 
the U BVRI bands, specific ally COYOTES I and II (jBouvier et al.lll993L [l995l) . Based on the COYOTES 
I data Bouvier et al. 1 (I1993I) measured a period of 6.3 days with 99.9% co nfidence. In contrast , the COY- 



OTES II data in th e UBVRI do not clearly show any significant period ( Bouvier et al. 1995f) . However 



Bouvier et al. I (I1995I) report that the combination of the COYOTES I and II data still show a rotational 



period of 6.3 days with 95% confidence in the [/-band. 



A.2. RY Tau 



The extended optical jet has been observed bv lSt-Onge and BastienI ( 2008[ ): Agra-Amboage et al. ( 20091 ). 
The latter provided the image of the jet at an angular resolution of 0".2. Near-infrared speckle imaging 



_SP' 

obser v ations did not show the presence of a binary companion at 0".1-1" (jGhez et al.lll993t ILeinert et al 



I993I) . iBertout et al.l(|l999f ) measured the variability of the astrometric motion measure d using Hipparcos and 



interpreted it as indicative of a binary with minimum separation of 3.3 AU. However, lAgra-Amboage et al 



(I2OO9I) ]3oint out that their results may be due to "UXor-like occultation events, whi ch enhance em ission from 
the blueshifted jet and/or scattering cavity relative to the occulted photosphere." Herbigl ( 1977 ) suspected 
that RY Tau is a spectroscopic binary with an amplitude of 25 krn s~^, however , more recent measurement 
with a higher accuracy did not confirm this (jHartmann et al.lll986l : iPetrov et al. I I1999I) . 

RY Tau has long b een subject to exten si ve photometric monitoring. The COYOTE I data suggest a 



period of 24 ± 2 days (jBouvier et al.l 119931) . 
a rotational model since, for a measured v sm i 



Bouvier et al.l (Il993l) point out that this cannot result from 



50 km s ^ ( Hartmann and StaufFer 1989t Petrov et al 



19991 ). a rotational period of 24 days would imply a stellar radius of 24 Rq or larger. Other possible periods 
discussed to date incl ude 5.6 (Herbst et a l. 1987, but not confirmed by Herbst & Koret 1988 and Bouvier et 
al. 1993) and 66 days ( Herbst et al.lll987 , but not for th e rotation period) . T he above three periods are close 
to harmonic or sub-harmonic multiples of one another ( Bouvier et al.|[l993l ). RY Tau also shows a peculiar 
photometric variability with larger variations of brightness accompanied by a near constancy of color. Two 
abrupt brightening events were recorded in 19 83/1984 and 1996/1997 reminiscent of UXor events, interpreted 
as variable obscura tion by circumstellar dust (jZaitseva et al ]ll985l:lHerbst and Stinel[l983 : iHerbst et al 1[l99i 
Petrov et allll999[) . 
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A.3. XZ Tau 



This object is known to host a n unusual bubble-like outflow at an angular scale of ~5" ([Krist et al 
1997Lll999l[2008t lHioki et"al]l2009l) . All of these observations were made at an angular resolution of ~0".l 



Krist et al.l (|2008[ ) have shown marked changes in the brightness distribution of the bub ble through observa - 



tions over a decade. Models specific for t he bubble outflow have been provided by, e.g.. lCoffev et alj (|2004[ ): 



Krist et al 



(|2008[ ). Based on simulations, Krist et al. ( 2008() attributed the observed structure to interactions 
between ambient ma terial and a. pulsed jet, whose intervals are 5-10 years. XZ Tau is a binary system with 
a separation of " .3 (|Haas et al.lll990l: iGhez et al.lll993t Iwhite and Ghezll200lt [Hartigan and Kenvon|[2003t 



Beck et al.ll2Q08f ). The spectrum of the S component indicates that i t is a typical T Tauri star, while the 
N component has lar ge spectral veiling and numerou s emission lines ([Hartigan and KenvonI 120031) . Recent 



f 1 J k ' ' 

VLA observations bv lCarrasco-Gonzalez et al.l (|2009l ) have revealed that the S component is a close binary 

with a separation of 0" .09. 

Photometric mon it oring by COYOTES II measured a periodicity of 2.6 days at a confidence level of 90% 
( Bouvier et al. I ll995l) . iBouvier et alJ I (ll995l) stated that it may imply too large equat orial velocity of the star 
46.3 km s~^) compared with those of active T Tauri stars (usually <20 kms~^, e.g., |llartma nn and Stauffei 



Petrov et al. 1999) . Ground-based 
2 mag in the V band. All 



1989), but it is comparable to t hat measured in RY Tau (52 ± 2 km s 

photometry from 1962 to 1981 (jHerbst et al. 1 11994) has shown variations of Am 
of these photometric measurements were made for the binary as a whole. 

Variability of each binary component has been mon i tored using the Hubble S pace Telescope over 10 years 
in i?-band (1995-2004. lKrist et ahlboOSl ). ICoffev et all (|2004l ): lKrist et al.l(|2008l ) reported a dr amatic bright - 
ening (Am '-S mag) of XZ Tau N in 1998-2002, suggesting that i t is an EXor - type variable (|Herbiglll989l ). 



In 2001, its R magnitude was larger than XZ Tau S by 0.5 mag. iKrist et al.l (j2008[ ) shows that XZ Tau S 
was far less variable (Am ^ 0.5 mag) during the period of monitoring, and it was brighter than XZ Tau N 
by 1-3 mag except in 2001. In ad dition to the optic al wavelengths, variability in _ff-band (1.65 fim) was also 
observed over a 3-15 year period (jHioki et al.ll2009l) . 



A.4. RW Aur A 

Similar to DG Tau, there are a number of observations for the extended jet associated with RW Aur A at 



optical (iHirth et al.lll994lBacciotti et al.lll996HMundt and Eisl6ffellll998HDougados et al.lbOOOHWoitas et al 



20021 12OO5I : iLopez-Martfn et al.l 120031: ICoffev et al.ll2004L l2012l: iMelnikov et al.l 120091: iLiu and Shang||2012l) 

and n ear-infrared wave lengths (IDavis et al. 2003; Pvo et al. 2006; Beck ct al. 2008; Hartigan and Hillenbran' 



20091). Among them, iDougados et al.l (.2000'): Woitas et al., (2002) ; Pyo et al.. (2006); .Beck et al.. (200^ ,. 
Melnikov et al. (|2009t ): lHa^tigan and Hillenbrand (|2009[ ) show the jet structure at an angular resolution of 



~0" .1. As many of these papers show, RW Aur A is associated with a jet on both blueshifted and redshifted 
sides, with the latter brighter than the former. This contrasts with many other CTTSs, in which the 



redshifted emission is absent close to the star due to obscuration by a circumstellar disk (see lEisloffel et al 
[2000', for a review). Many of above publications also show that the kinematics of the R\y Aur A jet are 
asymmetric, measured at ^ —200 and ~ 100 km s~^, respectively. Liu and Shan j (2012) interpret such 
an asymmetry is a result of asymmetric launching of the wind by the underlying magnetic field that is 
asymme tric on the opposi te side of the disk, in a way that the linear momentum is conserved. Moreover, 
ILo pez-Martm et al.l (|2003i ) measured a proper motion of the RW Aur A jet of 0". 17-0" .27 yr'^ and -0".26 
for the redshifted and blueshifed sides of the jet, respectively. These authors propose that the distribution of 
the knots close to the star is explained by time variable mass ejection with at least two modes: one irregular 
and asymmetric on timescale of <3-10 years, and another more regular with an ~ 20-year period. 

RW Aur A has a companio n with a separation of 1" .4 ( Ghez et al.lll993t Leinert et aLlll993 : Dougados et al 
2000l : IWhite and Ghez|[20ol . The jet described abo ve is associated with RW Tau A (jPougados et al.l l2000[). 



RW Aur A is also a suspected spectroscopic binary ( Petrov et al. 2001lJ ). 

RW Aur A sho ws a complicated variability in optical continuum, emission and absorption lines. 
Herbst et al.l (|l994l ) classified this star as "irregular variability" (type II) through their monitoring ob- 
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servations of the optical continuum over 20 years. iGahm et al. iPetrov et alj (l2001allbl ) observed 

variations in radial velocity and emission/ absorption line properties over 2.77- and 5.5-day periods. These 
authors attr ibuted this to a. close low-mass companion or to a rotationally modulated accretion "hot spot" . 
In contrast, lAlencar et al. 1 (l2005l) observed, in bright emission lines, 2.77- and 3.9-day periods in their data 
in 1992, and 4.2- and 5.5-day peri ods in 1999. Unlike RY Tan, no abrupt brightening is identified over 20 
years of photometry, combined bv lHerbst et al. (1994). 
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Fig. 1. — Line profiles observed in DG Tau. For each line the plot shows the profiles observed on six nights 
in October to December 2010. For all the profiles the flux is normalized to the continuum, and the velocity 
is shown in term of stellar velocity. 
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Fig. 2.— Same as Fig. [T]but for RY Tau. 
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g. 3. — Same as Figs [TH21 but for XZ Tau. Ripple patterns in O I 7772 A line may be due to the TiO band. 



19 




Pa 11 




10 
5 


1.4 
1.2 
1 

0.8 

2.5 
2 

1.5 
1 

0.5 



-400 -200 


200 400 


V (km s' 


') 


Ca II 8662 




„ / 








-400 -200 


200 400 


V (km s' 




1 7772 





Ca II 8498 



400 -200 200 400 
v/(km s~^) 

He I 5876 , 

0.8 




-400 -200 200 400 
i/(km s~^) 

He I 6678 



Ca II 8542 



- Nov 1 7 

- Nov 21 
Nov 25 
Nov 27 



-400 -200 200 400 
i^(km s~^) 



-400 -200 200 400 
v(km s"') 



[S II] 6731 

\t .^lSttiim«»j 


'V: 

\ .. 





1.5 



-400 -200 200 400 
v/(km s~^) 

O I 8446 




He 1 7065 













^^^^^ 



-400 -200 200 400 
\/(km s~^) 



n2.5 



-400 -200 200 400 
i/(km s~^) 

Na D \' : 

■■-V 2 
1.5 




-400 -200 200 
i^(km s~^) 

[O I] 6300 



400 



-400 -200 200 400 
i/(km s~^) 



1 p*^.Vn^J.' 

0.5 



-J 



-400 -200 200 
V (km ) 



400 



[Fe II] 7155^ 




-400 -200 200 400 
\/(km s~^) 



-400 -200 200 400 
\/(km s~^) 



Fig. 4.— Same as Figs [TH3] but for RW Aur A. 
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Fig. 5. — (upper) Correlations for equivalent widths between Ca II 8542 A and the other permitted lines. 
Positive values denote emission, and negative values denote absorption. The R value in each panel represents 
the correlation coefficient, and the solid line repr esents the linear regres sion for our target stars. The triangle 
symbols are the measurements for 11 CTTSs bv lMuzeroUe et all (1998) for comparison, (lower) Same as the 
upper plots but for the extinction-corrected line luminosity. Only those with positive equivalent widths are 
used. In the case of the correlations between Pa 11, He I 6678 A and Ca II 8542 A, the linear regression and 
correlation coefficients are tentative as this is due to the difference between only two objects being plotted. 
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Fig. 6. — The correlation between the extinction-corrected hne luminosity for Ca II 8542 A and continuum 
luminosity at 5000 (left) and 8000 (right) A. The regression line is determined for three objects (DG Tau, 
XZ Tau and RW Aur A) in both figures. 
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Table 1: VRI Magnitudes of Standard Star s 
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Table 2 

Previous observations of optical permitted line profiles 
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2.5 
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2.5/4.0 
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0.55 

0.35/1.4 
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1.4 
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~ 1 
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Mundt ; 
^aUE., 



odGii 

irsr 



(1982) 



Ij j';var et aF tTm) 

and Pereaon (19921 



Petri 



(19901 



Pet^^^^ ^99) 
ToT^i^n^^as^^995a') 



Hamann and Persson (1992') 



^^1^ ^8^ 

^^nann and Person ^9^ 
Ber istain et al. ^0^ 
^^nandez ct al.^^^) 



5.9-24.9 
15.3±0.2 



71.3, 122.7, 94.7, 52.8 



_e^^ [2005 ) 



pile et al. (19981 



^3 visits for Ha and Ho I 5876 - 

^8 visits, with intervals ranging 

According to the authors 21 vi 
from 1 day to 2.5 months. 



Linc-to-continnum ratio is £ 
rom 1 day to 2 months 
ts were made, but a limited ] 



■ the He I 5876 A pr 



.file; 



nber of profiles ; 



19 visits, with intervals ranging from 2 hr to 6 years. Two different spectrographs 
eferred to the Ca II lines as "Ca II triplet", and docs not describe any more details. 
®50 visits in 3 months. Individual profiles are not shown (only the average and variance profiles arc shown). 
^6 visits (October 25, 26, 27, 28, 1998 and January 29, 30, 1999). Individual profiles are not shown (only th 
SHa was observed in 1983 at i? = 3.5 X 10^, while the others were observed in 1987 at R = 1.4 X 10^. 
l^Thc same profiles are also shown in lMundt and Uiampa"^ (T^). 

^Equivalent widths arc shown for 4 visits, but the line profile is shown for only one of them. 
■'77 visits in total, with intervals ranging from 1 hour to 1 year. 



hown. These arc 3 visits for Ha, with an interval of 1 and 2 months; 7 visits for He I and Na D 
vere used (SOFIN at the 2.56 m Nordic Optical Telescope, the coudc spectrograph at the 2.6-m 



Shajn refrcctor) 



■als ranging 
The paper 



'ith intervals 



fro 



1 hour to 1 year. The 



ire also used in lOahm et 'STl nmP i rPSTrov et alj 1^131 ; rPStTov and Kozaclj tWI) . 
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Equivalent Widths^ 
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1.0 


3.6 


2.1 


2.2 


-0.3 


0.1 






2010 Nov 25 


0.0 


-1.4 


14.3 


-0.07 




-0.4 


0.9 


3.1 


1.6 


1.7 


-0.7 


0.0 






2010 Nov 27 


-0.2 


-2.1 


11.8 


-0.14 




-1.1 


0.4 


3.1 


1.4 


1.5 


-0.8 


0.0 






XZ Tau 






























2010 Oct 21 


3.0 


3.6 


166.8 


3 


0.9 


4 


3.2 


34.1 


36.4 


27.8 


3 


6.3 


1.6 


0.7 


2010 Nov 17 


4.0 


4.2 


160.2 




0.9 




2.5 


31.9 


32.6 


25.7 




7.9 


2.1 


0.8 


2010 Nov 21 


3.0 


5.3 


167.4 




0.9 




2.5 


32.8 


33.6 


26.1 




10.7 


3.0 


0.9 


2010 Nov 25 


2.5 


2.7 


173.5 




0.7 




1.8 


23.2 


22.8 


17.7 




13.8 


4.0 


1.2 


2010 Nov 27 


2.4 


4.6 


170.0 




0.7 




1.9 


25.4 


26.6 


20.5 




13.2 


4.0 


1.1 


2010 Dec 17 


1.7 


-0.1 


158.2 




0.6 




0.4 


9.5 


9.5 


7.0 




16.1 


5.2 


1.5 


RW Aur A 






























2010 Nov 17 


1.8 


-2.2 


80.4 


1.8 


1.0 


-1.1 


6.4 


47.6 


44.7 


35.8 


3.9 


2.5 


0.7 


1.1 


2010 Nov 21 


1.6 


-2.8 


65.6 


1.3 


0.7 


-1.2 


5.1 


46.8 


46.0 


36.6 


3.3 


2.8 


0.7 


0.7 


2010 Nov 25 


2.0 


-0.9 


79.7 


1.6 


1.0 


-1.4 


8.1 


70.4 


71.9 


59.1 


3.2 


4.1 


1.0 


1.8 


2010 Nov 27 


1.7 


-0.3 


72.9 


1.4 


O.S 


-1.6 


6.9 


70.9 


71.7 


58.2 


3.3 


6.2 


1.6 


2.5 


^In Angstrom 


Positive 


values denote cmissi 




gative values 


denote 


absorption. 

















These is no clearly detected emission or absorption feature. 

3 Although we clearly detect the emission feature (Fig. . accurate measurements of the equivalent widths were not possible due to ambiguity of the adjacent 
continuum. 

^These arc excluded from the measurement of equivalent widths as the line profiles are covered with features whose origin is presumably different. 
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Table 4 

Extinction-Corrected Line Luminosities (L©)^ 



Object 
UT Date 




He i 

A5876 


Na D 


Ha 
A6563 


He 1 
A6678 


u T 

He 1 

A7065 


T 

A7772 


T 

AS446 


Ca 11 

AS49S 


Ca 11 

AS542 


TT 

Ca 11 

A8662 


Pa 11 
A8862 


[O 1] 

A6300 


ro TTi 
[S ii] 

A6731 


TTi 

[Fc 11] 

A7155 


A5000 


ASOOO 


DG Tau 




































2010 Oct 21 




3.4E-04 


9.7E-05 


l.OE-02 


1.4E-04 


5.4E-05 


1.9E-04 


3.4E-04 


3.6E-03 


3.9E-03 


3.2E-03 


3.1E-04 


1.4E-03 


1.9E-04 


5.SE-05 


1.3E-04 


l.lE-04 


2010 Nov 17 




5.0E-04 


2.4E-04 


1.4E-02 


1.9E-04 


1.2E-04 


2.7E-04 


4.eE-04 


6.3E-03 


6.9E-03 


6.1E-03 


5.0E-04 


1.7E-03 


2.3E-04 


7.6E-05 


1.8E-04 


1.4E-04 


2010 Nov 21 




6.4E-04 


1.4E-04 


1.5E-02 


2.6E-04 


1.7E-04 


2.2E-04 


4.6E-04 


7.8E-03 


S.6E-03 


7.5E-03 


7.0E-04 


1.7E-03 


2.5E-04 


8.5E-05 


2.5E-04 


1.9E-04 


2010 Nov 25 




5.8E-04 


7.7E-05 


1.5E-02 


2.2E-04 


1.4E-04 


2.0E-04 


4.6E-04 


6.9E-03 


7.2E-03 


6.1E-03 


5.0E-04 


1.7E-03 


2.3E-04 


6.7E-05 


2.1E-04 


1.6E-04 


2010 Nov 27 






1 4E-04 








2 8E-04 




7 2E-03 


7 2E-03 








2.3E-04 








2010 Dec 17 




3.8E-04 




1.4E-02 


1.9E-04 


6.7E-05 


2.7E-04 


4.3E-04 


4.5E-03 


4.5E-03 


3.8E-03 


3.9E-04 


2.0E-03 


2.8E-04 


l.lE-04 


1.3E-04 


1.4E-04 


RY Tau 




































2010 Oct 21 




4.2E-04 




1.6E-02 






2.0E-04 


l.OE-03 


2.9E-03 


l.lE-03 


1.2E-03 




5.3E-05 






2.5E-03 


l.lE-03 


2010 Nov 17 




3.2E-04 




2.1E-02 






3.5E-04 


1.3E-03 


4.8E-03 


3.0E-03 


2.9E-03 




S.4E-05 






2.3E-03 


9.6E-04 


2010 Nov 21 




7. 8E-04 














3. 6E-03 








8. 9E-05 






2 . 5E-03 




2010 Nov 25 




1.3E-04 




2.0E-02 








S.5E-04 


2.6E-03 


1.3E-03 


1.4E-03 




4.1E-05 






2.3E-03 


9.9E-04 


2010 Nov 27 








1.6E-02 








3.4E-04 


2.7E-03 


1.2E-03 


1.3E-03 










2.3E-03 


9.9E-04 


XZ Tau 


1.40^ 


































2010 Oct 21 




l.OE-04 


l.lE-04 


7.1E-03 




3.6E-05 




2.2E-04 


2.2E-03 


2.4E-03 


2.0E-03 




3.0E-04 


8.5E-05 


2.6E-05 


3.3E-05 


6.8E-05 


2010 Nov 17 




l.lE-04 


l.OE-04 


6.2E-03 




3.6E-05 




1.7E-04 


2.0E-03 


2.0E-03 


l.SE-03 




3.4E-04 


l.lE-04 


2.6E-05 


2.7E-05 


6.6E-05 


2010 Nov 21 




5.6E-05 


S.8E-05 


4.SE-03 




2.6E-05 




1.5E-04 


1.8E-03 


1.8E-03 


1.6E-03 




3.4E-04 


l.lE-04 


2.5E-05 


1.7E-05 


5.5E-05 


2010 Nov 25 




3.6E-05 


3.3E-05 


3.7E-03 




1.7E-05 




8.5E-05 


l.OE-03 


9.8E-04 


8.7E-04 




3.1E-04 


l.lE-04 


2.4E-05 


1.2E-05 


4.4E-05 


2010 Nov 27 




3.6E-05 


6.2E-05 


4.0E-03 




1.7E-05 




9.8E-05 


1.2E-03 


1.2E-03 


l.lE-03 




3.3E-04 


1.2E-04 


2.6E-05 


1.4E-05 


4.6E-05 


2010 Dec 17 




2.5E-05 




3.4E-03 




1.3E-05 




1.7E-05 


4.2E-04 


4.2E-04 


3.5E-04 




3.6E-04 


1.4E-04 


2.6E-05 


1.2E-05 


4.6E-05 


RW Aur A 


0.39^ 


































2010 Nov 17 




3.8E-05 




1.6E-03 


3.5E-D5 


l.SE-05 




l.lE-04 


8.1E-04 


7.4E-04 


6.0E-04 


5.4E-05 


6.1E-05 


1.6E-05 


2.2E-05 


2.7E-05 


1.9E-05 


2010 Nov 21 




7.4E-05 




3.1E-03 


6.0E-05 


3.3E-05 




2.1E-04 


2.1E-03 


1.9E-03 


1.6E-03 


1.2E-04 


1.5E-04 


3.4E-05 


3.0E-05 


6.0E-05 


4.4E-05 


2010 Nov 25 




5.9E-05 




2.3E-03 


4.4E-D5 


2.6E-05 




1.8E-04 


1.7E-03 


1.7E-03 


1.3E-03 


6.2E-05 


1.4E-04 


2.8E-05 


5.1E-05 


3.9E-05 


2.5E-05 


2010 Nov 27 




4.0E-05 




1.9E-03 


3.1E-05 


1.7E-05 




1.3E-04 


1.3E-03 


1.3E-03 


l.lE-03 


5.2E-05 


1.6E-04 


3.9E-05 


5.7E-05 


3.3E-05 


2.1E-05 



^Those with negative equivalent widths are not included. 
^From fTCT^et and CullETTSg (1553) . 
^From RTSKiet et al.| 

^From lTErtigan and KgSTST] 1^3 1 
^From rWhite and Ohed i^OOij) 



